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NEW USE OF A HYDROGEL FORMULATION 
Field of the invention 

The present invention relates to the use of a hydrogel formulation for the treatment of 
distal inflammatory bowel diseases, and particularly for the rectal treatment of ulcerative 
colitis. 

Background of the invention and prior art 

Ulcerative colitis (UC) is a chronic inflammatory bowel disease of unknown etiology. The 
disease is characterized by inflammation of the mucosa of the colon, along with crypt 
abscesses and ulcers, and almost always involves the rectum. 

Various drugs have been used to treat the above described disease. Examples of such 
drugs known from the prior art are sulfasalazine, corticosteroids and immunosuppressants. 
However, the drawback with the use of such prior art compounds are that they often give 
undesired side-effects in the CNS area as well as in the gastrointestinal area, and failure to 
respond to the treatment is common (see e.g. Inflammatory Bowel Diseases, 1992, Corona 
AB, Astra, Malmd. Sweden, the following chapters: a) 5-aminosalicyclic acids and 4- 
amino salicy die acids based drugs in the treatment of inflammatory disease, Gunnar 
Jarneroth; b) Corticosteroids, S B. Hanauer: and c) Immunosuppressive therapy in 
inflamed bowel disease, H.R. Dayton, D.P. Jewell). Approximately 5 % of the patients that 
today require treatment cannot be treated with sulfasalazine because of hypersensitivity. 
Another 5-10 % of the patients show severe gastrointestinal side-effects. A further 
drawback is that long-term treatment is required for satisfactory improvement. Most of the 
patients suffer from recurrant symptoms, and treatment has to be initiated again. 
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Thus, the problem underlying the present invention was to find a new and further improved 
way of treating distal inflammatory bowel disease, and in particularly ulcerative colitis. 

The use of local anaesthetics for the treatment of mucosal inflammation is known from 
US 5,331.013. 

Outline of the invention 

It has now surprisingly been found that the rectal administration of a hydrogel formulation 
as described more fully below, provides an improvement in the treatment of distal 
inflammatory bowel diseases, and in particularly in the rectal treatment of ulcerative colitis. 
Rectal administration of such a hydrogel formulation is effective in the treatment of distal 
inflammatory bowel diseases, particularly in the treatment of ulcerative colitis, without the 
need for also a local anaesthetic as active ingredient, which is advantageous from a side- 
effect point of view. 

The hydrogel formulation which is prepared in accordance with the present invention 
comprises the use of the following ingredients: - 

(i) One or more gelling agents; 

(ii) water; 

(iii) optionally a pH-adjusting agent; 

(iv) optionally a plasticizer; and 

(v) optionally a surfactant. 

Any pharmaceutically acceptable gelling agent which is non-toxic is useful in accordance 
with the present invention. 
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Preferred gelling agents axe hydroxypropyl methylceliuiose, Carbopof, i.e. 

carbomer 934P (MFI8). pectin, sodium carboxymethylceJIulose, agar or a combination 
thereof. 

The amount of gelling agent and water in the hydrogel composition according to the 
present invention, depends on the choice of gelling agent. Thus, gelling agents should be 
used in amounts suitable for the purpose of being applicable in form of a gel. 

Agents adjusting the pH may be chosen from any acid or base which are pharmaceutical ly 
acceptable and non-toxic. The pH of the colon of human beings varies between different 
humans, but lies within the approximate pH range 4.0 - 7.0. Therefore, the pH of the 
hydrogel composition according to the present invention is preferably within the range' 
4.0 - 7.0. 



The use of a hydrogel composition as defined above, provides an an ti -inflammatory effect 
in particularly on ulcerative colitis upon rectal administration. 

Pharmaceutical compositions 

The hydrogel composition according to the present invention is prepared by 
mixing one or more gelling agents with water while stirring, and optionally adding any 
other ingredient in different ways depending on the choice of gelling agent. The final 
weight of the composition is adjusted with purified water, and the pH-value is adjusted 
with a suitable acid and/or base to a suitable pH-value. 

Alternatively the gelling agent(s) is/are mixed with water, and the mixture is allowed to 
swell at a low stirring rate over night. Thereafter any other ingredients are added, and the 
final weight of the composition is adjusted. 
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The hydrogei composition thus achieved, is preferably filled into a syringe or vial which 
thereafter is sealed and finally sterilized by a standard autoclaving cycle and stored at room 
temperature. The product achieved is a syringe or vial filled with a hydrogei composition of 
the present invention, ready to use. 

Detailed description of the invention 

The invention will now be described in more detail by the following examples, which are 
not to be construed as limiting the invention. 

Example 1 

Hydroxypropyl methylcellulose 4000 cps 2.45 g 

Hydrochloric acid 2M for injection q.s. 

Purified water for injection up to a total weight of 100 g 

The hydroxypropyl methylcellulose was mixed with .warm (80 °C) purified water while 
stirring. When the gel had cooled to room temperature, the pH was measured and adjusted 
with acid to pH 4.0-7,0. The final weight of the gel was adjusted with purified water. 
The final composition had a pH value of 5.7. 
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Example 2 

Hydroxypropyl methyiceiluiose 4000 cps 2.45 g 

Hydrochloric acid 2M for injection q.s. 

Purified water for injection up t0 a £otal weight of 100 g 

The hydroxypropyl methyiceiluiose was mixed with warm (80 °C) purified water while 
stirring. When the gel had cooled to room temperature, the pH was measured and adjusted 
with acid to pH 4.0-7.0. The final weight of the gel was adjusted with purified water. 
The final composition had a pH value of 4.2. 

Example 3 

Hydroxypropyl methyiceiluiose 4000 cps 2.45 g 

Sodium hydroxide 2 M for injection q.s. 

Purified water for injection U p to a total weight of 100 g 

The hydroxypropyl methyiceiluiose was mixed with warm (80 °C) purified water while 
stirring. When the gel had cooled to room temperature, the pH was measured and adjusted 
with acid to pH 4.0-7.0. The final weight of the gel was adjusted with purified water. 
The final composition had a pH value of 6.7. 

Example 4 

Carbopol 934P 0 2 a 

Propylene glycol 0.2 g 

Tween* 20 7 mg 

Purified water for injection up to a totaJ weight of 100 0 
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Carbopol 934P was mixed with purified water at 70 °C The dispersion was allowed to 
swell at a low stirring rate over night. Propylene glycol and Tween® 20 were added, and the 
final weight was adjusted with water at room temperature. 

Example 5 

Pectin 6 g 

Purified water up to a total weight of 100 g 

The pectin was mixed with warm purified water while stirring. When the gel had cooled to 
room temperature, the pH was measured and the final weight was adjusted with purified 
water. The final composition had a pH of 4.5. 

Example 6 

Sodium carboxymethyl cellulose (high viscous) 2 g 

Hydrochloric acid 2 M * q.s. to pH 4.0-7.0 

Purified water up to a total we i g ht of 100 g 

The sodium carboxymethylcellulose was mixed with warm (80 °C) purified water while 
stirring. When the gel had cooled to room temperature, the pH was measured and adjusted 
with acid. The final weight of the gel was adjusted with purified water. 
The final composition had a pH of 5. 1 . 
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Example 7 



Agar 



0.7 g 



Purified water 



up to a total weight of 100 g 



The agar was mixed with 10 g purified water while stirring. The rest of the water was 
heated to 100 °C and added to the mixture. The mixture was boiled for 2 minutes. The final 
weight was adjusted with warm purified water and the mixture was sieved. When the gel 
had cooled to room temperature, the pH was measured. The final composition had a 
pH of 6.9. 

BIOLOGICAL EVALUATION 
Model A 

Intrarectal administration of trinitrobenzenesulfonic acid induced a colitis-like 
inflammation in the rat distal colon. Rats were treated once daily with a hydrogel 
composition of the invention (0.2 ml) during one week. Muscle contractions in response to 
various stimuli decreased in the inflamed rats. The contractile responses of rats treated with 
a hydrogel composition of the invention, increased back to normal values. 

Trinitrobenzene-induced colitis 

Rats received an intrarectal injection of 0.6 ml trinitrobenzenesulfonic acid and 0.25 ml 
50 % ethanol. Treatment with a hydrogel composition of the invention started 24 hours 
after the induction. Rats were treated once daily with a hydrogel composition of the 
invention (0.2 ml) during one week. 
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Measurement of contraction 

Colonic segments from the distal part were placed in 5 ml chambers containing Kreb's 
bicarbonate solution maintained at 37 °C, and gassed with 95 % O2 and 5 % CO2 giving a 
pH of 7.4. Thereafter the segments were placed under an initial tension of 9.81 mN and 
equilibrated for 60 min with repeated washings with Kreb's solution before experiments 
were undertaken. Isometric contraction was measured using a Grass FT03C force 
desplacement transducer operating a Grass Polygraph. 

Experimental design 

The amplitude of the dominant phasic contraction in response to acetylcholine (ACh), 
electrical Field stimulation, serotonin (5-HT) and substance P which is a peptide well 
known to a person skilled in the art, was measured and expressed as a percentage of the 
maximally effective phasic contraction in response to ACh (10~ 3 M). Contraction-response 
curves were constructed by addition of single doses of the substance studied, followed by 
repeated washings until basal muscle tension was retained. 

Statistical analysis 

Contractile responses were expressed as a percentage of the maximal responses to ACh 
(10 ^ M). Values are given as means of 6-10 experiments. Statistical significance was 
evaluated using Kruskal-Wallis test followed by Mann-Whitney (postchoc) test. 
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Results 

Acetylcholine, serotonin and substance P caused concentration-dependent contractions 
whereas electrical field stimulation resulted in frequency-dependent contractions of the 
colonic segments. The contractions of inflamed colonic segments of normal colon in 
response to ACh, 5-HT and electrical field stimulation decreased compared to the 
responses in normal colonic segments. The treatment with a hydrogel composition of the 
present invention resulted in increased contractile responses compared to the inflamed 
colon segments, however not significant in all cases. 

The results are shown in Table 1 below, where also data for a hydrogel composition 
containing the local anaesthetic ropivacaine is included for comparative purposes. 



Table 1 



Acetyl choline 


Normal 


Inflamed 


Colon treated 


Colon treated 


ftiM) 


colon 


colon 


with the 


with hydrogel 








hydrogel of 


containing 








Example 1 


ropivacaine 


0.1 


13.5 


0.8 


0.0 


6,7 


1 


25.3 


5.5 


16.4 


28.0 


10 


42.8 


12.4 


41.9 


73.6 


100 


71.3 


18.1 


62.3 


89.3 


1000 


100.0 


24.6 


94.1 


73.7 



A value of 100.0 is the reference value for a normal colon. Thus, as shown in Table 1 
above, a colon treated with a hydrogel composition of the present invention showed a 
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reduced inflammation giving a value of 94.1, approaching the value for a normal colon 
having a value of 100.0. 

HUMAN TESTS 

The following study was performed on patients suffering from ulcerative colitis. 

The treatment lasted for 6 weeks. Endoscopy for the assessment of mucosal inflammation 
was performed prior to treatment and after 2, 4 and 6 weeks of treatment. The extent of the 
disease was recorded at study entry as well as upon termination of treatment. 

Biopsies from the colonorectal mucosa, to determine the severity of inflammation, were 
sampled at study entry and at treatment termination. 

Remission 

After 6 weeks of treatment, there was no significant difference between the treatment 
groups where the patients had been treated with a hydrogel of the present invention and 
groups where patients had been treated with a hydrogel composition containing also the 
local anaesthetic ropivacaine. 

Table 2 shows the percentage of treated patients in remission after 6 weeks treatment with 
a hydrogel composition of the present invention. For comparative purposes Table 2 also 
shows the percentage of remission for patients which were treated with a hydrogel 
composition containing also the local anaesthetic ropivacaine in a concentration of 50, 100 
and 150 mg respectively. 
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Table 2 



Hydrogel composition 


No. of patients 


Week 2 


Week 4 


Week 6 


Hydrogel of Example I 


47 


8.5 


14.9 


27.7 


and 50 mg ropivacaine 


47 


6.4 


12.8 


23.4 


and 100 mg ropivacaine 


48 


4.2 


22.9 


31.2 


and 1 50 mg ropivacaine 


43 


7.0 


34.9 


32.6 



As is shown in Table 2 above, there was no significant difference between treatment 
groups treated with a hydrogel composition containing also ropivacaine in as high 
concentration as 1 50 mg, and treatment groups treated with a hydrogel without any local 
anaesthetic. 

After 4 weeks of treatment, the p- value is 0.01 1 (ITT) and 0.023 (PP) for the difference 
between a hydrogel containing 150 mg ropivacaine and a hydrogel without any local 
anaesthetic. 

The patients in remission after this treatment period of 6 weeks, did not require any further 
treatment. 

Improvement 

After 6 weeks of treatment, there was no significant difference (p=0. 105), in the intention 
to treat analysis, between the treatment groups where the patients had been treated with a 
hydrogel of the present invention and groups where patients had been treated with a 
hydrogel composition containing also the local anaesthetic ropivacaine in an amount of 150 
mg. In the per protocol analysts the difference between a hydrogel composition containing 
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also ropivacaine in an amount of 150 mg and a hydrogei composition without any 
ropivacaine, was not statistically significant after 6 weeks. 

Table 3 shows the percentage of the treated patients which showed an improvement after 
6 weeks treatment with a hydrogei composition of the invention. For comparative purposes 
Table 3 also shows the percentage of improvement for patients which were treated with a 
hydrogei composition containing also the local anaesthetic ropivacaine in a concentration 
of 50, 100 and 150 mg respectively. 



Table 3 



Group 


No. of patients 


Week 2 


Week 4 


Week 6 


Hydrogei of Example I 


47 


51.1 


57.4 


59.6 


and 50 mg ropivacaine 


47 


40.4 


51.1 


63.8 


and 100 mg ropivacaine 


48 


52.1 


66.7 


66.7 


and 150 mg ropivacaine 


43 


69.8 


74.4 


76.7 



Model B 



Animals 

Male rats (Sprague-Dawley, B&K Universal), weighing 2 15-220 g and fedad libitum, were 
used. 
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Experimental colitis 

Experimental colitis was induced using the method described by Morris et al. Rats fasted 
for 12 hours were anaesthetised with Hypnorm (0.1 mi i.m.) and an infant feeding tube was 
inserted rectally into the colon so that the tip was 8 cm proximal to the anus, approximately 
at the splenic flexure. Thereafter, 0.85 ml of a mixture of trinitrobenzenesulphonic acid 
(5 % w/v, TNB; Sigma) dissolved in 0.25 ml 50 % ethanol was instilled into the lumen of 
the colon. The installation procedure required 5 seconds to complete. Finally, 0.5 ml air 
was injected to clear completely the TNB/ethanol solution from the cannula, and the 
anaesthetised animals were kept for a few minutes in a supine Trendelenburg position. 

Experimental design 

TNB/ethanol colitis was induced in 40 rats. Animals were thereafter randomised into 4 
therapeutic groups to receive daily therapy from day 1 (24 hours after induction of colitis). 

Assessment of colonic damage and inflammation 

After one week of treatment, the rats were anaesthetised with metofane and the distal colon 
(10 cm) was removed. The severity of colitis was assessed by macroscopic evaluation. 

Macroscopic assessment 

The macroscopic assessment of colonic damage examined the presence of oedema, 
hyperemia, dilatation, exfoliated epithelium and necrosis. Furthermore, the presence or 
absence of adhesions between the colon and other organs were noted as well as the 
presence or absence of diarrhoea. Finally, signs of healing mucosa in the colon was 
recorded. The results are shown in Table 4. 
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Table 4 



Type of Hydrocel 


No. of animals 


Damage score 


Control=TNB 


10 


61.5 


Example 5 


10 


44.0 


Example 6 


10 


44.5 


Example 7 


10 


25.5 a 



a p=0.0007 



Intracolonic administration of TNB/ethanol resulted in extensive inflammation of the distal 
colon with severe oedoma, hyperaemia, dilatation, exfoliated epithelium and necrosis. The 
damage induced by TNB was also characterized by severe diarrhoea and fibrinous 
adhesions to the small bowel (and other organs). The total number of colonic damage signs 
were added up to for each group. The macroscopic damage evaluated after one week of 
treatment was reduced, as seen in Table 4. The incidence of adhesion formations between 
the distal colon and other parts of the intestine was also reduced by the treatment, as was 
the incidence of diarrhoea. 

Effects on treatment on body weight 

The beneficial effect of treatment with a hydrogel according to the invention was also 
evident from the data on body weight. The starting body weights for the control and the 
hydrogel treated groups did not differ significantly. However, one week after TNB 
administration, there was a significant weight loss in the untreated group ( p=0.0008) 
whereas the group treated with the hydrogel of Example 7 showed a significant weight gain 
compared to the control group. The results are shown in Table 6. 
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Table 6 



Type of Hydrogel 


No. of animals 


Weight fgl 


Day 0 (i.e. initial weight) 


10 


218.0 


Control=TNB 


10 


203.9 a 


Example 5 


10 


207.8 


Example 6 


10 


214.6 


Example 7 


10 


220. l b 



a p=0.0008 
b p=0.0104 



The best mode of performing the invention known to date, is to use a hydrogel according 
Examples 1, 2 and 3. 

Conclusion 

The results presented above, clearly support that by using a hydrogel composition of the 
present invention, it is possible to treat ulcerative colitis without the need for also a local 
anaesthetic. This is advantageous from a side-effect point of view in the gastrointestinal 
body and in the CNS system. 



WO 98/01112 



16 



PCT/SE97/0U22 



Claims 

1. Use of a hydrogel formulation consisting essentially of 

(i) one or more gelling agents; 

(ii) water; 

(iii) optionally a pH-adjusting agent; 

(iv) optionally a plasticizer; and 

(v) optionally a surfactant; 

for the manufacture of a medicament for the treatment of distal inflammatory bowel 
diseases. 

2. Use according to claim 1, for the rectal treatment of ulcerative colitis. 

3. Use according to claim 1 or 2, wherein the gelling agent is selected from one or more 
of hydroxypropyl methylcellulose, Carbopol (carbomer 934 (MF18) ), pectin, 

sodium carboxymethylcellulose and agar. 

4. Use according to claim 3, wherein the gelling agent is hydroxypropyl 
methylcellulose. 

5. Use according to claim 3, wherein the gelling agent is agar. 

6. Use according to any of the preceding claims, wherein the pH value of the formulation 
is within the range from 4.0 - 7.0. 
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7. A process for the preparation of a hydrogel composition of claim 1, whereby 

(i) one or more gelling agents are mixed with water while stirring, optionally adding 
any other ingredients, the final weight of the composition is optionally adjusted with 
purified water, and the pH- value is finally adjusted with a suitable acid and/or base; 
or 

(ii) one or more gelling agents are mixed with water the mixture is allowed to swell, 
whereafter any other ingredients are added and the final weight of the composition is 
adjusted. 

8. A process according to claim 7, further comprising the step of filling the hydrogel 
composition into a syringe or vial> which thereafter is sealed and finally sterilized. 

9. A syringe or vial comprising a hydrogel composition for use according to claim 1 . 

10. A method for the treatment of a subject suffering from distal inflammatory bowel 
disease, whereby a hydrogel formulation comprising 

(i) one or more gelling agents; 

(ii) water; 

(iii) optionally a pH-adjusting agent; 

(iv) optionally a plasticizer; and 

(v) optionally a surfactant; 

is administered to a subject in need of such treatment. 

11. A method according to claim 10. for the rectal treatment of ulcerative colitis. 
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